BIOCHEMICAL SOCIETY TRANSACTIONS labelling increased slightly over the subsequent 4 h, although the magnitude of this increase was reduced by further vasopressin treatment. However, in the presence of insulin, PtdIns labelling declined over the 4 h chase period and the extent of this decline was significantly enhanced by vasopressin treatment. In insulin-treated cells, labelled in the presence of vasopressin and then stimulated with the hormone for a further 4 h, [32P]Ptdlns at the end of the experiment declined to near the level of those cells which had been labelled without vasopressin. This result, obtained in the presence of insulin, is very similar to that first reported by Monaco [ 121 and is consistent with the notion that these cells contain a discrete hormone-sensitive pool of PtdIns that rapidly becomes labelled only in the presence of the hormone and that serves to replenish the PtdIns(4,5)P2 which is hydrolysed as a result of receptor occupation [ 151.
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We have now repeated the above experiment using WRK 1 B cells provided by Monaco [ 131. These cells yielded results similar to those described above when incubated in the presence of insulin but, in contrast to our cell line, the results were unaltered when insulin was omitted from the experiment. These results suggest that insulin may have important short-term effects upon the behaviour of inositol lipid pools in our WRK 1 cell line. This insulin-sensitivity could explain the apparent discrepancy between our previous results using the dual-label technique [2, 16, 171 and those of Monaco's group [12-151. Experiments are now in progress to further investigate the nature and mechanism of these effects of insulin in our cell line.
Iritrodiictiori
Several agonists have been proposed to activate platelets by stimulating calcium entry [ l , 21. It has been shown recently that calcium channels can be incorporated into planar lipid bilayers from membrane vesicles prepared from thrombin-stimulated platelets [ 31. This approach demonstrates the existence of receptor-operated channels, but does not allow a study of the activation process in the intact cell. Estimations of agonist-induced calcium entry from J5Ca' + uptake or from the increase of the cytoplasmic free calcium concentration ([Ca" I,) [ 1, 2, 4, 51 are biased by poor temporal resolution or by simultaneous calcium movements from other cellular compartments. Thrombin and ADP induce manganese uptake in human platelets. This was evidenced by the quenching of the fluorescence of quin-2 or fura-2 loaded into the cells excited at 340 nm 16, 71. Howcvcr, agonist-induced release of calcium from the intracellular stores was modifying the fluorescent signal simultaneously. This prevented observation of changes of the intracellular concentrations of calcium and manganese with time. It has been reported recently that manganese uptake can be followed by the quenching of the fluorescence of fura-2 excited at 360 nm without interference from changes Abbreviations used: [Ca'+],, cytoplasmic free calcium concentration; PAF, platelet-activating factor.
[Ca2+], [ 8 , 91. We show here that changes o f ICa?+ 1 , and the uptake of manganese can be followed simultaneously by measuring the fluorescence of fura-2 excited at 340 and 380 nm. The ratio of these two values can be used to estimate ICa2+j,, whereas its corrected addition is a measure of quenching by manganese. By using this procedure we have compared the effects of several platelet agonists with different mechanisms of action.
Methods
Platelets were prepared as described previously [ 10, 1 I], except that apyrase (20 ,/AM) was added to prevent activation by traces of ADP during manipulation. The cells were suspended in an incubation medium containing (mM): NaCI, 145; MgSO,, 1; potassium/Hepes, 10, pH 7.4; glucose, 10, at 10'/ml and loaded with fura-2 by incubation with 2 pM-fura-2/AM (Molecular Probes, Eugene, OR, U.S.A.) for 45 min at 37°C. After washing once to remove extracellular dye, the cells were resuspended at 10X/ml in the same medium and used within 60 min. All the experiments were performed at 37°C and with magnetic stirring. Fluorescence was measured using a fluorescence spectrophotometer constructed by Cairn Research Ltd (Newnham, Sittingbourne, Kent, U.K.) which allows alternation of up to six different excitation filters within 3-30 ms. The emission wavelength was set to 530 nm to allow simultaneous measurements of pH, using a fluorescein derivative. When the medium contained 0.2 mMMn" there were also transient changes of fluorescence, but ( i ) the peak at 340 nm was smaller than in E G T A and the fluorescence fell later below the value observed before PAF addition; and (ii) the peak at 380 nm was larger than in EGTA and the fluorescence remained below the resting value throughout the experiment. This reflects the mixed effects of the release of calcium from the intracellular stores and the entry of manganese from the extracellular medium.
Results and discussion
Three forms of the dye are possible in cells incubated with manganese: ( i ) the free dye. which is more fluorescent when excitcd at 380 nm; (ii) the complex with calcium, which is more fluorescent at 340 nm; and (iii) the complex with manganese, which is not fluorescent at either wavelength. T h e ratio (dye-calcium complex/free dye) is a function of calcium concentration [ 121 and the presence of manganese, in concentrations smaller than the total concentration of the dye, does not modify this ratio. O n the other hand, both F,,,, and E.;,,, are decreased by the formation of dye-manganese complex. Since K , for this complex is very low [ 121, practically all the intracellular manganese is bound to the dye, so that quenching of fluorescence is a good measurement of manganese uptake. If F,,,, and F,,,, are added in such a way that this 'total fluorescence' (F,,,, ) is independent of calcium concentration, then I.',,,, becomes a good indicator of quenching by manganese. This can be achieved by multiplying I. ' .,x,, by a correction factor before addition. This factor can be computed from the ratio hetwcen the changes of fluorescence obtained by going from calcium-free medium to saturating calcium concentrations at 340 and 380 nm excitation, respectively.
T h e lower part of Fig. 1 illustrates the application of these principles to estimate simultaneously the changes of [Caz+] , and manganese uptake induced by PAF. T h e increase of [Ca?+l, was the same whether the cells were incubated in EGTA-or in manganese-containing medium, as expected for the agonist-induced release of calcium from the intracellular stores. O n the other hand, F,,,,, decreased only when manganese was present in the incubation medium. This confirms that calcium-induced changes of F,?,, and F,,,, are effectively cancelled out during calculation ot E',,,,. f-',,,l is then a good index of quenching of fura-2 fluorescence by entering manganese. Fluorescence excited at 360 nm, which was measured simultaneously in several experiments. behaved similarly to F,,,,, suggesting that, as reported before 18, 91, it can also be used t o follow manganese uptakc. Fig. 2 shows the effect of thrombin, PAF, ADP, collagen and arachidonic acid on the uptake of manganese (upper part) and on [Ca"], (lower part). Since the experiments were performed with no calcium added to the extracellular medium, any increase of [Ca'+], must be due to release of calcium from the intracellular stores. All the agonists accelerated the uptake of manganese, but the time course was different for each one. For PAF and A D P the rate of manganese uptake was maximal 1-2 s after agonist addition and returned to basal values within 2-5 s. For thrombin, the increase of manganese uptake was also fast, but it was maintained for at least 10-20 s. For collagen, there was a lag of 15-20 s before any effect on manganese uptake could be detected, and then the rate of uptake increased and it remained high for at least 20-30 s. Arachidonic acid had the strongest effect, both in the rate and the extent of the uptake of manganese. In all the cases, the effects on manganese uptake were prevented by Ni?+ ( 5 mM). Nickel has been reported to block thrombin-induced calcium channels [ 31.
Thrombin, PAF, A D P and collagen also produced-an increase of [Ca"], (Fig. 2) . For the first three this is con- sistent with previous observations, but for collagen it had been reported that external calcium was required 12, 131. We confirmed that collagen did not produce an increase of ICa'+ I, when the cells were suspended in medium containing 1 mM-EGTA, but a [Ca2+l, peak was produced in the presence of Ni?+ ( 5 mM), whether o r not other divalent cations were present. These results suggest that the presence of extracellular divalent cations (Ca?', Mn?+ o r N i 2 + ) is required for binding of collagen. For arachidonic acid the uptake of manganese was so fast that changes of ICa" I, could not be followed owing to the almost complete quenching of the fluorescent signal. When nickel was added to prevent the uptake of manganese or low concentrations o f the agonist were used, a /Ca? + 1, peak caused by release of calcium from the intracellular stores could be observed.
T h e above results suggest that all the five agonists tested are able to activate plasma membrane calcium channels in human platelets. Our observations on kinetics are in agrccment with the early changes in [Ca"], reported using stopflow procedures [ 141 and with previous measurements o f ADP-and thrombin-induced manganese uptake followed by quenching of fura-2 fluorescence excited at 360 nm 191. T h e differences observed in activation/inactivation kinetics for different agonists suggest that, whether or not the channel population involved is the same, the activation mechanism could differ for each agonist.
C'onclir.siori.~ A procedure has been described to estimate simultaneously the uptake o f manganese, a calcium surrogate for calcium channels, and the changes of [Ca?+], owing to the release of calcium from the intracellular stores in fura-2-loaded human platelets. Using this procedure we have shown that thrombin, PAF, ADP, collagen and arachidonic acid, all produce both activation of calcium channels and release of calcium from the intraccllular stores. Arachidonic acid was the most potent agonist of the calcium channels according to both the rate and the extent of the induced uptake o f manganese. T h e activation of calcium channels was very fast and transient with A D P and PAF. fast and maintained with thrombin, and delayed with collagen. 
